3GPP TSG RAN WG3 Meeting #63bis       
R3-090809
Seoul, Korea, 23 - 26 March 2009
Title: 
LTE-A Type 1 relay architecture

Agenda Item:
13.1
Document for: 
Discussion and Approval

1 Introduction
Type 1 Relay has been agreed in [1], in the LS comes from RAN1 [2], many of the relaying aspects need RAN2 and RAN3 to study, e.g. user-plane aspects such as on which protocol layer the data is forwarded in the relay as well as control-plane aspects such as the split of functionality between the eNodeB and the relay. 
This paper analyses the function split, architecture and impact due to Type 1 Relay introduced in LTE-A.
2 Discussion
2.1 Function split

A major discussion point to determine the architecture for Type 1 relay is the functional split of Radio Resource Management for the Relay cell. 

The RRM functions in LTE eNB are: dynamic resource allocation (scheduler), eNB measurements, radio admission control, connection mobility control, RB control, inter-cell RRM. Although the discussion of RRM w.r.t Relay mostly concerns the real-time RRM, we would prefer to keep as much as possible the co-location of RRM functions, to minimize standards impact.
We see two different architectures: 

A. RRM is in Donor eNB. 

B. RRM is in RN. 
Maybe the architecture of RN being a more independent RRM entity, Alt B: RRM is in RN, is the less complex alternative. Having the real-time RRM mainly in the donor eNB creates a lot of real-time dependencies between the eNB and RN.
Considering that RAN1 already decided that UE receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node [1], it is implied that some RRM functions and at least part of MAC entity locates in relay, otherwise, the HARQ delay limitation will be a challenge to two hop transmissions.

Considering the segmentation and concatenation in RLC entity depends on joint scheduler control with MAC in every transmission opportunity, RLC entity is also simplest co-located with MAC.
Type 1 relay transmits its own PCI, synchronization channels, reference symbols [1].On the other hand, considering joint transmission, Alt A) could allow transmissions between donor eNB-RN and Network-UE to be joint, at the cost of complex real-time interaction between Donor eNB and RN. Alt B) could still allow joint transmissions Network-UE according to CoMP principles. And it is the less complex alternative. 

Conclusion:  It is proposed to adopt Architecture B (RRM is in RN) for type 1 relay. For Control Plane, RRC is proposed to be terminated in RN.
Continuing on above elaboration，we should also consider that where the S1 and Uu termination are, we can also get two distinct architectures:  
C. S1 and Uu are terminated in RN. 

In this case, RN can be regarded as an eNB plus a wireless backhaul toward donor eNB, thus RN will fully in charge of UE behaviors control in its own cell and with full RRC functions. For this alternative, maybe overhead is an issue.

D. S1 is terminated in eNB  Uu is terminated in RN 

In this case, RN also can be regarded as an eNB and RN will fully in charge of UE behaviors control in its own cell and with full RRC functions. Considering the overhead S1 is terminated in eNB. i.e., RRC and S1 are spitted into two nodes. 

Conclusion:  Whether S1 terminated in RN or eNB is FFS. Some evaluation is needed.
2.2 CP protocol stack

2.2.1 Alternative1: S1-C terminates at eNB
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In this case, S1 signalling connection is established between eNB and MME. The nature of the protocol layer “X” is FFS.
2.2.2 Alternative2: S1-C terminates at Relay

[image: image2.emf]MAC

L1

MAC

L1

PDCP

RLC

MAC

L1

PDCP

RLC

MAC

L1

L2

L1

NAS

S1AP

L2

L1

UE RN eNB MME

SCTP

IP

NAS

RRC

SCTP

IP

RRC S1AP

RLC

PDCP

RLC

PDCP


In this case, S1 signalling connection is established between Relay and MME, complete RRC functionality should be located in Relay. 

In addition, PDCP layer optimization should be considered to reduce SCTP header overload and perform S1AP signalling integrity protection.

2.2.3 RN Control protocol

For the management of the radio link between RN and eNB there need to be a Control Protocol. This protocol need to support connection setup and release, establishment of security and management of QoS. We assume this protocol could be based on RRC, where RN implements the UE end of the RRC protocol.
2.3 UP protocol stack
2.3.1 S1-U terminates at eNB

In this case, Relay is transparent to GW. i.e., from GW point view, all S1 interface will be towards eNB not Relay. S1 data between GW and relay should be distributed by eNB, some identification may be needed.

2.3.1.1 Alternative1: PDCP in Relay
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In this UP architecture, PDCP locates in Relay, user data will be forwarded in IP level (PDCP SDU). 
2.3.1.2 Alternative2: PDCP not in Relay
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In this UP architecture, the only difference with alternative 1 is PDCP is not existed in Relay, user data will be forwarded in PDCP level (PDCP PDU).
There may be two RLC function options, one is RLC in RN need to do segmentation and reassembly (which could cause delays), the other is RLC in RN do not need to do reassembly but can just do further segmentation.
2.3.2 S1-U terminates at Relay

In this case, S1 interface established between Relay and GW. eNB will act as a transport layer node in a sense.
2.3.2.1 Alternative3
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Due to GTP-U/UDP/IP terminates in Relay, some overhead will be introduced, most overhead will comes from UE IP header and GTP-U header. Some optimization could be further considered, i.e., to make some enhancement on PDCP to compress UE IP header and GTP tunnel together.

2.4 Other Impacts and Optimizations
2.4.1 Latency
For the introducing of two hop transmission, how to reduce the introducing latency is an issue for delay sensitive service.
2.4.2 Overhead
For IP packets forwarding relay, the IP header overhead maybe is an issue which could be excessive especially for small user data packet, e.g., VoIP. 
So we need to consider the overhead issue for IP packets forwarding relay.
2.4.3 Interface between Relay and eNB
Relay act as an eNB in a sense, what interface should the backhaul link based on is needed to be investigate, maybe X2 interface or S1 interface can be reused to minimize the impact of specification.
2.4.4 Security

As an outdoor network node, Relay needs to be authorized when it connect to donor eNB, and whether CN needs to be involved also need to be investigated, i.e., security key allocation. 
Whether Relay could be regarded as an UE with a USIM and a subscription in HSS is FFS.
2.4.5 Mobility
As a Relay needs to connect to a donor eNB, the Donor eNB connection and changing procedure should be investigated.
For HO between Relay and neighbor eNB or Relay, three or four “eNB-like” node may be involved. It will bring delay and complexity issues, some optimizations could be considered. 
2.4.6 RRM
Relay to Relay and Relay to neighbor eNB RRM issues need to investigate. As we know, donor eNB is a gate for the controlled Relay, it owns the RRM related information from other controlled Relays and neighbor eNBs, but Relay seems difficult to get this information unless via donor eNB. We need to consider whether it is centralized or distributed RRM for Relay.
2.4.7 Aggregation transmission
If PDUs could be aggregated to transmit in wireless backhaul, signalling overhead could be saved [3]. Because they share same one RL, the MCS, TCH configuration could be same. Maybe a detailed aggregation method could be designed.
This optimization could be considered based on the user plane protocol stack.
2.4.8 MBSFN for Relay

The work item for supporting basic MBSFN capability in Rel-9 has been supported in RAN #43.  And “Further enhanced MBMS” is one of the major concern in LTE-A TR [1].  So, the impact of relay on MBMS should be considered from two aspects: 1) how to utilize relay to further improve the MBMS performance in LTE-A; 2) how to promise the compatibility between Rel-9 and Rel-10 when relay is used for MBMS performance enhancement in LTE-A.
3 Conclusion
1> MAC, RLC and RRC function locates in relay node. 
2> About S1 termination
· Whether S1 terminates in eNB or Relay is FFS.
3> About UP forwarding level:
· When S1 terminates in Relay, UP forwarding level should be PDCP SDU.
· When S1 terminates in eNB, whether UP forwarding level is PDCP SDU or PDCP PDU is FFS
4 Text Proposal
It is proposed to capture the conclusion into TR36.814.
It is proposed to capture the agreed part in section 2 into TR36.814.
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